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Electrode  potential  of  a  metal  changes  by  applied  mechanical  stress.  This  effect  was  experimentally 
determined  both  by  Parthasarathy  and  Virkar  [J.  Power  Sources  196  (2011)  9204-9212]  and  by  the 
present  authors  [Phys.  Chem.  Chem.  Phys,  3  (2001)  2662-2667].  The  aim  of  the  present  Comment  is  to 
dispel  a  misunderstanding  regarding  the  interpretation  of  the  observations. 
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Recently  Parthasarathy  and  Virkar  [1]  investigated  the  dissolu¬ 
tion/precipitation  of  platinum  as  influenced  by  applied  stress. 
Part  of  their  experimental  setup  consisted  of  a  platinum  wire  or 
foil  immersed  in  a  PtCU/DMSO  solution;  the  metal  was  exposed 
to  tensile  stress  by  loading  the  sample  with  various  standard 
weights  and  its  potential  was  measured  against  a  similar  but 
unstressed  metal  electrode.  The  stressed  electrode  was  always 
found  more  positive  than  the  unstressed  one  the  difference  being 
proportional  with  stress.  Varying  somewhat  with  the  wire  diam¬ 
eter  the  proportionality  coefficient  was  around  16-20  pV  MPa^1 
determined  under  open  circuit  conditions. 

Earlier  we  carried  out  similar  experiments  with  silver  wires 
immersed  into  aqueous  AgN03  solutions  [2].  We  observed  similar 
proportional  changes  of  the  same  sign  with  coefficients  between 
6  and  9  pV  MPa-1  varying  with  solute  concentrations.  We  used 
the  same  diameter  wire  throughout  the  experiments. 

We  find  it  most  rewarding  that  systems,  as  different  as  those  used 
in  the  two  works  cited,  behave  in  a  much  similar  manner.  The  compar¬ 
ison  of  Fig.  5  in  Ref.  [1  ]  with  Fig.  7  in  Ref.  [2]  clearly  reveals  this  simi¬ 
larity.  Despite  the  differences  in  both  the  solvents  and  the 
mechanisms  of  the  electrode  reactions  the  observations  are  conso¬ 
nant.  However,  at  present  we  are  not  able  to  make  a  quantitative 
assessment  of  the  numerical  differences,  since  the  potential  of  zero 
charge  of  the  Pt/PtCL*  electrode  in  the  non-aqueous  solution  is  not 
known  to  us.  This  parameter  would  be  needed  for  the  comparison 
of  the  results  in  terms  of  our  theoretical  interpretation  [2]. 

Given  the  qualitative  agreement  between  the  experimental 
results  we  find  it  difficult  to  understand  the  statement  made  by 
the  authors  of  Ref.  [lj:  “...the  application  of  a  tensile  load/stress 
(leading  to  negative  pressure)  to  a  platinum  wire/foil  lowers  the 
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chemical  potential  of  Pt  compared  to  the  unstressed  wire/foil.  In 
some  of  the  literature,  it  has  been  often  assumed  that  applied  stress 
always  increases  the  chemical  potential  through  the  strain  energy 
term  [2].”  The  authors  maintain  that  this  assertion,  attributed  to 
us,  is  erroneous. 

Erroneous  it  must  be !  We  did  not  make  any  similar  statement 
either.  Since  the  sign  of  the  observed  voltage  changes  are  the 
same  in  both  their  work  and  ours  it  would  be  impossible  to 
construct  interpretations  which  would  result  in  changes  of  oppo¬ 
site  signs.  Obviously,  we  did  not  do  that. 

It  is  not  clear  whether  Parthasarathy  and  Virkar  mean  standard 
state  or  actual  chemical  potential.  Nevertheless,  chemical  potential 
and  electrode  potential  are  of  opposite  sign  and  they  obviously 
know  this  as  it  is  witnessed  by  their  Eqs.  (4)-(10).  If  so,  an  increase 
in  electrode  potential  is  tantamount  to  a  decrease  in  chemical 
potential.  Since  both  they  and  we  observed  similar  changes  in  the 
electrode  potentials  there  cannot  exist  any  disagreement  regarding 
the  sign  of  the  chemical  potential  change. 

This  misunderstanding,  however,  shows  that  we  failed  to  explain 
clearly  what  we  meant.  Thus  it  seems  advisable  to  give  a  short 
account  on  the  relevant  part  of  our  ideas,  set  forth  in  Ref.  [2].  Having 
critically  evaluated  three  models,  both  as  far  as  functional  forms  and 
numerical  values  were  concerned,  we  arrived  at  the  conclusion  that 
the  model,  denoted  by  us  as  “electrostatic”,  deserved  a  detailed  anal¬ 
ysis.  This  model  describes  the  observed  stress-induced  change  in 
voltage,  Acpobs,  as  the  algebraic  sum  of  two  terms. 

The  first  term  gives  the  change  of  the  double  layer  potential, 
this  change  is  due  to  the  fact  that  the  surface  area  of  the 
stressed  wire  is  larger  than  that  of  the  unstressed  one,  whereas  the 
total  surface  charge  remains  unchanged  due  to  the  open  circuit 
condition.  If  one  knows  the  elastic  properties  of  the  metal  and 
the  potential  of  zero  charge  at  the  metal/liquid  interface,  cpo,  one 
can  evaluate  A<?di  as 
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Vdl  =  -((p-<po)0-v)k<t, 

where  a  denotes  the  stress,  v  the  Poisson  ratio,  k  the  isothermal 
compliance  coefficient  for  tensile  stress,  cp  the  potential  of  the 
unstrained  wire  and  <po  the  potential  of  zero  charge,  both  measured 
against  the  same  reference  electrode.  For  the  sake  of  clarity  we  use 
here  the  notation  of  Ref.  [1  ]. 

The  second  term  accounts  for  the  change  of  the  potential  of  zero 
charge,  A cp0:  this  change  is  due  to  the  fact  that  the  volume  of  the 
stressed  wire  is  larger  than  that  of  the  unstressed  one.  This  formally 
writes,  in  linear  approximation,  as 


The  observed  change  in  potential  is  described  as 
A<Pobs  =  A(?dl  +  A(p0. 

The  left  hand  of  the  above  equation  is  measured,  the  first  term 
on  the  right  hand  side  can  be  calculated  from  independent  data, 
hence  the  only  remaining  term  can  be  evaluated.  We  found  the 
value  {d(polda)0bs  =  25.6  ±  1  pV  MPa-1.  Clearly,  the  potential  of 
zero  charge  increases,  thus  the  corresponding  chemical  potential 
decreases  under  stress,  as  it  is  postulated  in  Ref.  [1]. 

We  went  one  step  further  and  compared  the  above  experi¬ 
mental  value  with  a  theoretical  estimate.  A  simple  calculation, 
based  on  the  Sommerfeld  model  of  electrons  in  a  conductor, 


resulted  in  (0^o/9o")caic  =  20.4  pV  MPa-1.  The  reasonable  agreement 
between  experiment  and  theory  lends  some  support  to  the  under¬ 
standing  proposed  by  us. 

Thus  we  think  that  the  statement  of  Parthasarathy  and  Virkar  on 
a  surmised  error  of  ours  stems  from  misunderstanding.  One  further 
comment,  however,  might  be  well  in  order.  A  discussion  on  similar 
results  [3,4]  have  shown  clearly  that,  beyond  the  mechanical  prop¬ 
erties  of  the  metal,  also  the  chemical  composition  of  the  electrolyte 
plays  an  important  role  in  the  process. 
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